Abstract: Fish need adequate welfare in culture even more than when they are in the wild. This is because they are held in captivity against their will. The welfare of farmed fish should start from production to consumption. Several factors have been identified as compromising the rights and welfare of fish in aquaculture. These include the aquacultural holding devices, stocking density, water quality, food and feeding regimes, diseases and parasite infestation, treatment of the diseases and parasites, handling, netting and removal before and during slaughter, methods of slaughter, fasting/ food withdrawal, unnatural dark/light photoperiods, selection for fast growth, selective and induced breeding, genetic manipulations, exposure to predators, polyculture, tagging, crowding, grading, transport and harvesting, fish attractors and accidental or deliberate introduction of genetically modified farmed fish. The best way to achieve good welfare and health of fish in aquaculture is to respect, maintain and improve the rights of fish, otherwise known as the five freedoms. Lack, deficiency or difficulty in having or providing any one of the five freedoms in aquaculture is an indicator of poor welfare for the fish which could be observed through physical, physiological, morphological, behavioural or environmental indicators in the fish. The best strategy for a reliable assessment of fish welfare/suffering and their impact on product quality is a multidisciplinary approach using several assessment parameters and comparing the deviations from the normal biological state with those from the wild which live in their natural, unperturbed environment. Some of the ways to achieve good welfare and safeguard the rights of the farmed fish in reducing the welfare problems were highlighted. Welfare of farmed fish should be considered in terms of ethics, productivity, economic viability and consumers acceptability of the final product. Consumers are becoming aware of the quality of farmed fish arising from poor welfare of the fish during culture. Improvement in fish welfare will increase profits, productivity and acceptability of the farmed fish because fish that are less stressedand humanely slaugh- tered are healthier, grow better and have better meat quality. There is the need to develop common standard welfare indices for fish in culture in order to detect, correct and improve any deviation from the normal state of the fish in their aquacultural holding devices (AHD). It should be known that whatever is good in terms of welfare to humans should also be good to the fish in captivity.
INTRODUCTION
Welfare issues in fish, whether in the wild or captivity, are gaining more attention not only among scientists but with artisanal and commercial fishermen, marketers and consumers alike. The welfare of fish in aquaculture becomes more pertinent than in the wild because the fish are held in captivity against their will. This action could be described as infringing on their right to live in their natural environment. According to MUSTAPHA (2013) , fish prefer to live in their natural unperturbed habitats where their needs are usually provided. Though, for successful fish production in aquacultural holding devices (AHD), the needs of the fish in culture must be provided. However, their continued placement in AHD such as ponds, raceways, tanks, cages, pens, happas, recirculatory aquacultural systems, etc might not necessarily provide and maintain their welfare needs and requirements, especially the five freedoms, in spite of the provision of good management. This is because factors which could impair their welfare are often found and practiced in aquaculture systems.
Fish are sentient animals which can feel pain and suffering (VOLPATO et al. 2009 ), thus they deserve welfare attention especially those in aquaculture since captivity shortens the life span of animals. Fish welfare has been defined in many contexts including that of feeling (HUNTINGFORD et al. 2006) , internal state (VOLPATO et al. 2007) , physical and mental state (CHANDROO et al. 2004) , while other studies definition of fish welfare relates to function and expression of natural behaviour. Although, some studies have provided reviews about aquaculture and fish welfare such as FSBI (2002) , CONTE (2004) , ASHLEY (2007) , HUNTINGFOLD et al. (2006) , HASTEIN (2004) , VOLPATO et al. (2007) among others, there are few data to assess or measure directly or indirectly the impact of various aquacultural systems and practices on the welfare of fish. Also, only limited aquacultural species have their welfare being assessed.
The welfare of farmed fish could be considered along with that of wild fish, but aquacultural practices, which tend to compromise their well being, places additional challenges to their welfare. Any process or activity that impinges on the welfare of farmed fish will affect its acceptance, production efficiency, quality and quantity (FSBI 2002) . Concerns about the welfare of fish in culture are beginning to change, shape and modify aquacultural industry from production to consumption.
This review is to provide further information on the growing work on fish welfare as it affects fish under culture with the aim of proffering solutions to mitigate those actions or processes that often compromise welfare of fish in aquaculture from production to consumption.
Rights of fish and ways of achieving good welfare for fish in aquaculture
The best way to achieve the best welfare and health of fish in aquaculture is to respect, maintain and improve the rights of fish, otherwise known as the five freedoms, as spelt out by FAWC (1996) in Table 1 . NOBLE et al. (2012) reported that a fundamental step in improving the welfare of farmed fish is to assess their welfare across a range of husbandry systems and farm practices which can be achieved through the use of practical and easily defined operational welfare indicators (OWIs) to provide an accurate, repeatable, straightforward and relatively inexpensive on-farm assessment of fish welfare. Various abiotic and biotic factors are responsible for compromising fish welfare in AHD. The AHD itself and the technologies involved in the process could also infringe on the fish welfare. The indicator of good welfare of fish in culture is the ability of fish to have all of the five freedoms as identified by FAWC (1996) in the holding devices (Table 1) . Lack, deficiency or difficulty in having or providing any one of the five freedoms is an indicator of poor welfare for the fish. The welfare of fish depends on their health status, with stress being a major factor in the health of farmed fish (WEDEMEYER 1997) and difficulty in coping with challenges in the AHD.
Many indicators have been used to assess fish welfare in aquaculture. These include reduced life expectancy and self narcotization (BROOM 1991) , disease resistance (BALM 1997), level of lactic acid (ERIKSON et al. 1999) , diminished immune function (EINARSDOTTIR et al. 2000) , suppressed reproductive function (SCHRECK et al. 2001) , level of cortisol (BARTON 2002) , the fish metabolites (RUARE and KOMEN 2003) , physical, morphological and behavioural changes (HUNTINGFOLD and KADIR 2008) POLI et al. (2005) , the best strategy for a reliable assessment of fish welfare/suffering and their impact on product quality is a multidisciplinary approach that takes into account the main relative changes of significant indicators of behaviour, of the biochemical and physiological ante mortem and/or post mortem processes involved and of the quality changes. It should be noted that different aquaculture conditions exist for different species based on their differing biological and environmental requirements for their culture. Farmed fish that lack welfare could easily be noticed through deviations from their normal biological state, and this could be ascertained by comparing their state with those from the wild which live in their natural, unperturbed environment.
The use of behavioural characters to assess fish welfare in culture is easier and better for the aquaculturist. Morden technologies with the use of GIS-geographic information systems, GPS-global positioning systems and smart tag technology have made it even more reliable (AAS-HANSEN and DAMSGÅRD 2006). It should however be noted that no one method can satisfactorily provide the cause of poor welfare of the fish in culture, thus, it is best to use all possible scientific and practical indicators to evaluate whether fish welfare has been compromised by aquacultural activities. The combination of all indicators has been applied to assess welfare of salmon in a cage rearing system (TURNBULL et al. 2005) . This has led to the development of a system of welfare assessment called welfare meter in Atlantic salmon (Salmo salar). This type of assessment could also be applied to other farmed fish species with modifications according to their specific requirements in breeding, feeding and biology.
STRESSORS OF FISH IN AQUACULTURE
Many aquacultural activities and process aimed at enhancing and maximising fish production in AHD are actually detrimental to the welfare of the fish in culture by causing stress to the fish. The effects of a wide range of aquaculture practices on the stress physiology of fish have been provided by researchers such as PICKERING (1993) , WEDEMEYER (1997) , CONTE (2004) and POLI (2009) . In order to have good welfare of the fish in culture, it is fundamental to take away or reduce their stress either through adjustment, modification or abolishment of aquacultural practices that brought the stress to the fish. Some of these aquacultural practices that compromise welfare of farmed fish and infringe on their rights include:
High stocking density High stocking densities is practiced in aquaculture in order to increase production within the existing AHD. But the effect could be devastating on fish welfare by reducing the water quality through metabolite accumulation, increased rate of oxygen consumption, high amount of suspended solids caused by large faecal production and increased fish movement (ELLIS et al. 2002) . This could lead to increased chronic stress, growth impairment and health problems such as incidence of parasites and diseases (DAMSGÅRD et al. 2006) , increased incidence of physical injuries such as fin erosion (STEVENSON, 2007) , poor body condition (TURNBULL et al. 2005) , increased aggression which leads to fin injuries, scale loss, chronic stress and subordinate fish being prevented from feeding by dominant fish, abnormal behavior like jumping etc. (ELLIS et al. 2002) . The effects of high stocking densities may become more critical in a recirculatory aquaculture system (RAS), but its adverse effect could be reduced with good water quality in the system. A good stocking density should therefore consider space, behaviour, feeding, reproduction, health and normal biological expressions of the fish in culture. Stocking density of farmed fish should be monitored frequently to avoid the density going beyond the carrying capacity of the AHD.
Food and feeding regimes
Lack of balanced ration in feeds and inappropriate timing of feeding regimes could impair fish welfare. Diet, feeding technique, and management procedures all have strong effects on stress responses, subsequent stress tolerance, health, and the occurrence of aggressive behavior (ASHLEY 2007). Thus, formulation and composition of feed is an important factor for good fish welfare in aquaculture. The African catfish Clarias gariepinus is a nocturnal feeder, but are usually fed diurnally in aquaculture. This action often leads to reduced food conversion efficiency and poor food conversion ratio in the species thereby affecting their growth (MUSTAPHA et al. 2012 ). The use of unscientific feeding rates could compromise fish growth, while different feeding regimes have been shown to have a strong impact on the development of diseases in Atlantic salmon (DAMSGÅRD et al. 2004) . ANDREW et al. (2002) have also shown that varying feeding methods can alter aggressive interactions in Atlantic salmon, gilthead sea bream and European sea bass in sea cages. Lack of essential macro and micro nutrients in feeds will impair fish welfare leading to poor growth, morphological abnormalities, poor immune function and abnormal swimming behavior (HUNTINGFOLD et al. 2006) . POLI (2009) noted that insufficient levels of high polyunsaturated fatty acids have a negative impact on the immune system and reproductive functions, thus fish meal and oil should be an essential part of feed used in aquaculture. Care should be taken on the level of inclusion of plant protein in feeds as they often contain unsuitable amino acids and essential fatty acids that could impair fish welfare (LEMBO and ZUPA 2010) .
Improper nutrition has been shown to compromise immune function and has also been linked with skeletal deformities (HÅSTEIN et al. 2005, LALL and LEWIS-MCCREA 2007.) . Feed distribution in a small area can generate competition and increased aggression among fish that in turn could lead to growth variations reinforcing dominance hierarchies (STEVENSON 2007) . Therefore, all fish should receive adequate quantities of feed appropriate for the species and growing conditions. Excessive feeding should be avoided to prevent water quality deterioration. The use of species appropriate feeding techniques can limit heterogeneous growth within a group of fish and thus the need for frequent grading (BRANNAS et al. 2003) . Feeding technique should be species appropriate to avoid excess competition and aggression (ANDREW et al. 2002) .
Fish should be fed according to their size, small fish should be fed more frequently than the bigger ones with fish in tanks fed up to eight times, those in ponds/juvenile cages up to 99 g fish up to four times a day, and three times a day in production cages (fish 100 g and above)
. A feed quality test should be done periodically to check for formulation correctness. Physical checks should also be carried out on stored feeds to check for moulds, pellet size, feed dust, moisture content and foreign objects. A batch feeding system should be used to balance intake and rationing of feed where the particle size of the food is matched with the size of fish being fed. Local feed, especially in developing countries aquaculture, should be tested to ensure all necessary nutrients in appropriate proximate composition percentage for the fish are present before being fed to the fish and feeding trials of the local feed on fish should be carried out before the feed is allowed to be sold in the market in order to determine their efficiency and performance which should compare well with imported feeds, while routine samplings and quality control of the feeds should also be carried out regularly.
Incidence of diseases and parasite infestation
Stressful conditions such as high stocking density, deteriorating water quality and aggressive interactions could predispose cultured fish to high incidence of diseases and parasites. HÅSTEIN (2004) reported that fish may reach the outer limit of their physiological margin due to maximal exploitation and stress, making them susceptible to a wide range of diseases threatening ethical and welfare standards. A high incidence of diseases and parasites are often a warning sign for other welfare problems. EFSA (2008) stated that diseases in farmed fish are not caused by primary pathogens but are generally closely linked with the husbandry and environmental conditions under which the fish are being reared. POPPE et al. (2002) and PLUMB (1994) reported that severe health problems are associated with intensive fish farming with furunculosis and vibriosis being particularly common diseases in aquaculture. Sea lice have been a particularly problematic infection in the farmed salmon industry since the 1960s (PIKE 1989) . Infectious diseases in cultured fish, treatment, and the role of stress in fish disease have been reviewed by WEDEMEYER (1997) , POST (1987) , TORANZO et al. (2005), and NOUGAYREDE (1995) . Disease conditions in farmed fish do not only affect fish welfare but also result in poor fish quality, quantity, production efficiency and acceptability. The diseases and parasites could eventually find their way into the wild and to humans. Interpreting the welfare implications of an observed disease requires a detailed understanding of the natural history of the disease, and in some cases, diseases are not sufficiently well understood to interpret their implications for welfare (FSBI 2002) . In the event of disease outbreak, mortalities should be removed immediately. AHD should be left fallow and remain unused to break the cycle of potential hosts/ vectors of harmful microbes or diseases that affect fish. Any fish that is showing signs of disease will endanger the welfare of other fish; such fish should be quarantined or discarded to protect the entire population. The use of effective vaccination and improved management will reduce the incidence of diseases and parasites in farmed fish.
Handling, netting and removal before and during slaughter Constant handling of fish (by catching, transferring, transport with the use of nets for any purpose) could result in fear, affect the reproductive performance of a fish through stress (SCHRECK 2001) , thereby impairing their welfare, health and productivity. Handling could even be more stressful in tropical aquaculture because of the higher temperatures. Handling can also result in injury to skin, eyes, fins and muscles (HÅSTEIN 2004) which could make the fish vulnerable to diseases. Handling of fish prior to slaughter can have a detrimental effect on the flesh quality and this could have an impact on the final product, be it fresh or preserved. In order to lessen this impact on welfare, fish handling should be done quickly and kept to the barest minimum before killing and should be done with wetted hands and the fish prevented from drying to minimize the time the fish will be out of water and reduce stress on the fish. If need be, the fish should be sedated or anaesthetized, and returned to water with a high level of dissolved oxygen as soon as possible. Salt (NaCl) could be added to the water during handling. Also, live fish must never be held by the operculum or tail during handling. According to EFSA (2004) , equipment which remove human handling of fish and which will not require removal of the fish from water is being developed. This will improve fish welfare by reducing if not eliminating stress caused by handling. ASHLEY (2007) stresses that removal from the water elicits a maximal emergency physiological response of stress and should only be carried out when absolutely necessary. If fish are to be removed from water for any reason, it should never be longer than 15 seconds (HSA, 2005) . Removal may change behavioural responses in fish such as feeding and appetite reduction leading to impaired growth and fitness (BARTON 1997) , changes in levels of activity and swimming performance; shelter seeking; suppressed predator and stressor avoidance; and difficulties with thermoregulation and orientation (CONTE 2004) . Transportation of fish from their habitat to any other place brings much physiological stress to the fish (BARTON 2000) and the risk of spreading diseases is higher during transportation.
Fasting / food withdrawal
This occurs when the food supply to fish is stopped for some period for the purpose of harvesting, transportation and disease treatment. Fasting could be detrimental to fish welfare and increases aggression. Food withdrawal has been reported to cause changes in territorial behaviour strategies and activity patterns in brown trout (ALANARA et al. 2001) . Fasting should be kept to a minimum for not more than five days so that the gut is not completely evacuated. Food withdrawal prior to slaughter has been reported to alter the qualities of the flesh (GINES et al. 2002) . Starving fish or feeding reduction is practiced by fish farmers to keep fish off the market until prices rise, but poses serious welfare issues to the fish. FAWC (1996) suggests that fish should not be deprived of food for any reason such as conditioning and adjustment of body composition
Unnatural light-dark photoperiods
The use of simulated dark and light photoperiods to increase growth, enhance maturation or suppress breeding often impair fish welfare. This is because fish under this phenomenon are not naturally adapted to continuous darkness or light and thus they undergo many physiological, morphological and behavioural changes including stress as a result of this phenomenon. Clarias gariepinus develops a very dark colouration on exposure to continuous darkness (MUSTAPHA et al. 2012) . Continuous light intensity could lead to continuous aggregation of fish at a particular place leading to higher fish density. Artificial photoperiods have been reported to affect the immune system of rainbow trout and hence their susceptibility to pathogenic microorganisms (BURGOUS et al. 2004) . Also, high mortalities in juveniles of fish species such as Nile tilapia Orechromis niloticus and African catfish Clarias gariepinus have been recorded under photoperiod manipulations (MUSTAPHA et al. 2014) . A rapid shift in light intensity should be avoided as it can alter behavior by invoking panic or predator type responses, and increase injury and mortality through unintentional collisions (HÅSTEIN 2004) . Photoperiod manipulations for whatever purpose should take cognizance of the food, feeding, behavioural and physiological rhythm of the species in order to reduce stress to the fish when under the photoperiod response.
Selection for fast growth
Fish welfare could become compromised in an attempt to produce fast growth of fish in less time. To achieve this, extra DNA, sometimes from unrelated species, is added to the recipient fish. This can alter the genetic balance in the transgenic fish and at the same time, impact negatively on other fish in AHD or the wild. Selection for fast growth could increase aggressiveness among the fish population thereby causing injury, pain, discomfort, fear and distress among the same species and other co-species bred in the same AHD. Fast growth has also been reported to be associated with increased incidence of cataracts and abnormal heart shape and function (POPPE et al. 2002) . DNA from very closely related species should only be added to the recipient species during selection for fast growth.
Induced breeding
The use of natural and synthetic hormones for induced breeding in fish causes many welfare problems for the recipient and donor fish. The sacrifice of a donor fish to extract the pituitary gland compromises the welfare of the fish while the anaestization and injection of the hormones to induce breeding (hypophyzation) causes much stress, pain and tissue damage to the fish. Induced breeding makes the fish reproduce early and produce eggs at a faster rate than normal. The foreign material (pituitary of another fish) introduced into the fish could cause physiological disturbance in the fish, thereby inducing stress. The forced removal of the eggs and milt (stripping) is stressful and the eggs and milt are extruded in excess of need and what would have been produced under natural conditions. Induced breeding of fish should be done with utmost care without stress to the fish. Scarifying fish to obtain the pituitary gland for the induction should be discouraged.
Exposure to predators
Predators are sometimes introduced to AHD to control large populations of fish in culture ranging in size from fry to fingerlings to weed the fish by preying on them. Absence of predators in AHD has been noted to be one of the welfare rights of fish , while EFSA (2008) stressed that attacks by predators are a major welfare problem and that repeated or prolonged attacks, or traumatic wounding cause suffering. The fear of predation could suppress feeding and may cause fish to forage sub-optimally (HART 1997). These predators cause fear, injury, aggression and competition among the fish population. Exposure to predators has been reported to increase cortisol levels and respiration in the animals (FSBI 2002), increase risk of disease transmission (REIMCHEN 1994) , irrational stress behaviour such as shoaling (PITCHER and PARRISH 1993) , freezing (GOODEY and LILEY 1985) , taking shelter (BROWN and WARBURTON 1999) , change colour (ENDLER 1986) and avoidance of foraging areas where they have been attacked (LIMA 1998). In order not to impinge on the welfare of fish in aquaculture, predators should not be introduced, and AHD should be constructed in a way to avoid the admittance of predators.
Aquacutural holding devices (AHD)
Tanks, raceways, ponds, cages, pens, hapas, recirculatory aquacultural systems and other holding devices for culturing fish are themselves sources of welfare impairment to fish. These AHD often limit the movement, migration, expression of normal behavior, co-existence, foraging and other biological functions of fish which hitherto are found in the natural habitat of the fish. Absence of other utilities which are found in the natural habitat of the fish such as sand beds, gravel, aquatic vegetation, etc. which help in fulfilling their biological functions are usually not provided in AHD. The non-provision of these necessities in AHD will compromise the welfare of the fish in some ways even if there is adequate feeding, good water quality and proper management in the AHD. Reduced welfare has been observed in cage culture of Salmon as a result of temporal and spatial variations in the environment (DAMSGÅRD et al. 2006) .
Polyculture
The culture of more than one species of fish in AHD brings much stress to the fish through aggression, competition for food and space. Fish at the lower trophic level will suffer the most leading to their slow growth, vulnerability to diseases and inhibition of activities if they are cultured with fish of a higher trophic level. Only polyculture of closely related species should be done if there is even the need for it.
Water quality
The greatest welfare problem in aquaculture is poor or deteriorating water quality. Water quality deterioration can lead both to acute welfare infringements and to a chronic reduction in welfare status (ELLIS et al. 2002) . Many factors are responsible for water quality problems in AHD which include high stocking densities, release of metabolites and catabolic wastes such as CO 2 , urea and ammonia by the fish, temperature differences, low water flow, suspended solids, pH, water hardness, alkalinity, salinity, algal and macrophyte bloom, inability to take technological and hygienic measures in production systems and so on. Water quality parameters are unavoidable in fish welfare assessment, considering its influence on health condition, productivity and fish behavior (DULIAE et al. 2010) . The level of fish welfare in one environment is considered satisfactory if the values of the water quality parameters do not deviate from optimal. . The effect of poor water quality on farmed fish has been extensively studied in aquaculture. Some of the effects include chronic stress, inability to control homeostasis, reduced condition factor and growth, reduced nutritional status, injury to gills and fins, increased susceptibility to disease, impaired health and mortality (CONTE 2004 , HÅSTEIN 2004 , ELLIS et al. 2002 , NORTH et al. 2006 . It is therefore very important to maintain or adjust the water quality parameters in AHD to be in line with what would be obtain in the wild for the species in culture. There are various practical welfare actions for reducing water quality problems in AHD. These include oxygenation, CO 2 stripping, increase in water flow, etc.
Treatment of parasites and diseases
Just as diseases and parasites severely impact fish health and welfare, the treatment of diseases and parasites may equally be stressful to the fish. The handling and various methods of treatment of these diseases and parasites such as immersion, vaccination, injection, inhalation, etc. are usually stressful to fish. The vaccines and drugs used in the treatment could have their own side effects on the fish. DAMSGÅRD et al. (2004) noted that anesthetization and vaccination reduced feed intake and growth of Atlantic salmon. Thus, prevention of parasites and diseases is a better way to reduce the welfare impact of both the diseases and parasites and the treatment on fish.
Crowding, handling, transport, grading and harvesting These aquacultural practices lead to stress. The effect on fish welfare includes physical damage to body parts and the severity of the injury could result in mortalities, especially during transportation. Crowding often facilitates transmission of disease among cultured fish. Fish are harmed during capture and handling with results in increase cortisol levels (POLI 2009). Net cleaning, channel flushing and pond draining during harvesting could be a source of stress to the fish occurring from events such as influx of suspended solids into the AHD (JOHNSTON and JUNGALWALLA 2005) . High amounts of suspended solids can clog the gills leading to poor oxygen intake. Care must be taken to regulate the amount of solids entering into the AHD. During handling, grading and transportation, the fish should not be kept out of water for more than 15 seconds unless anesthetized (HSA 2005) . During transportation, the temperature of the water should be kept low and constant, the container well aerated and shaded with ice added directly to the water. All these measures will reduce the stress to the fish during transportation.
Tagging
Tagging is usually done in capture fisheries research, but at present, it is also practiced on farmed fish to distinguish individuals especially genetically modified ones from the wild species in the event of escape. Tagging, especially the invasive types, is stressful to fish and could result in wounds and infections in the affected parts that were tagged. Tagging methods such as fin clipping results in increased mortality, while external tags attached with threads, wires or filaments which perforate and produce lesions in the skin and muscu-lature can lead to secondary infections and algal attachment to the wounds (HÅSTEIN et al. 2001) . If external tags are not properly anchored, they may result in chronic open wounds (HÅSTEIN 2004) . Coded wire-tags that are introduced into the snout (commonly known as snout tags) can lead to mortality due to secondary infections and reduced growth due to destruction of tissues in the snout area and thus impair their ability to feed (HÅSTEIN et al. 2001) . The tag itself could be stressful to fish when carried about. Tagging of fish for any purpose in aquaculture should be done in such a way as not to cause pain, injury and stress to the fish.
Fish attractors
Fish attractors are used in aquaculture involving polyculture to attract larger fishes to prey on smaller ones. The welfare of the smaller fish becomes compromised because the attractors provide cover for the larger fish and concentrate the smaller ones for easy capture thereby leading to stress and aggression. The materials used as fish attractors such as fallen trees and brush piles could also cause injury and mortality to both small and large fish. To guard against fish attractors serving as means of welfare impairment, the attractors should be open enough to allow fish to move easily in and around them. The attractors should be placed deep inside the AHD and should not be placed or constructed where they would offer too much protection for small fish to guard against overcrowding and cannibalism.
Genetic manipulation
This involves sex reversal to produce all male or all female fish depending on species and needs. This is in an attempt to have high growth and triploidy to produce sterile fish. The administration of sex hormones in fish and the process of triploidy compromise fish welfare. The effect can lead to spinal deformities, eye cataracts, poor growth and lower survival rates (WALL and RICHARDS 1992 MADSEN et al. 2000 , JHINGAN et al. 2003 . The use of genetic manipulation, selective breeding and development of genetically modified fish in aquaculture should be handled with care so as to guard against welfare impairment.
Selective breeding
Todays farmed fish are usually subjected to selective breeding in order to produce fish that grow abnormally faster than normal, improve feed conversion, disease resistance and delayed sexual maturation. The effects of selective breeding are similar to that of genetic manipulation, since the two involve the use of genetic engineering and introduction of extra DNA, growth hormone genes from a foreign source. POPPE et al. (2002) reported that Selection for rapid growth is also one of the factors that may be responsible for abnormal heart shape and function in salmonids which predispose them to cardiac failure during stressful procedures such as grading, crowding, lice treatments and transport. The use of genetic engineering in fish has led to serious health and welfare problems (STEVENSON 2007) . The fitness of transgenic fish can be hindered, while serious deformities and mortalities can result if fish are genetically engineered for whatever purpose.
Slaughter methods
Many slaughter methods practiced in aquaculture are stressful to fish, impair their welfare and have an effect on the physical properties of the flesh. SOUTHGATE and WALL (2001) observed that all slaughter methods are stressful to fish. The slaughter methods used include asphyxiation in air or ice, carbon dioxide stunning and gill cutting without prior stunning (exsanguinations), percussive stunning, decapitation, electrocution, spiking, shooting coring, ikejime, electric stunning and live chilling. Asphyxiation is particularly stressful (POLI et al. 2002) . Better pre-slaughter handling and humane slaughter methods will provide high quality fish to processors and consumers alike (POLI et al. 2005) . Sharp knives should be used to slaughter fish to ensure less pain. Chilling is a better option to kill fish as it prevents stress and reduces loss of quality. Crowding of fish before slaughter should not be for more than two hours (HSA 2005) . A good slaughter method is one that causes less pain and suffering to the fish and renders the fish insensible to the slaughter method immediately. The use of automatic percussive stunning devices and other innovations such as electronarcosis or electrocution that would not require removing the fish from water would be a good slaughtering method and minimize the stress involved in slaughtering. A pre-slaughter sedative known as AQUIS, commonly in use in many countries, has been found not to cause stress to fish (EFSA 2004) . This sedative could be used before stunning when the fish are removed from water.
Reducing the stressors and stress in farmed fish Many of the factors causing stress and affecting fish welfare in aquaculture are present and important to fish in their natural environments. These factors such as hunger, predatory pressure, parasites, competition, and interindividual aggression are common and are naturally occurring factors which determinine population structure and behaviour of fish in nature. But, their high intensities, manipulations and specificity in aquaculture make them become a serious welfare impediment causing stress to farmed fish.
Some of the ways to achieve good welfare and safeguard the rights of farmed fish in reducing the welfare problems in AHD have already been mentioned along with activities that compromise their welfare. Specifically, the following could be adopted to improve welfare of farmed fish in aquaculture holding devices:
Any aquacultural practice that can induce stress in fish should be eliminated since stress is the major predisposing factor for many of the fish welfare impairments.
Good water quality with appropriate stocking in relation to size of the tanks, species to be cultured, biological needs and prevailing conditions in the AHD should be maintained. Regular monitoring of factors that are critical to aquacultural water quality should be performed.
Design, construction and management of AHD should be done in a way that is a complete replica of the natural habitat of the cultured fish where the fish will feel comfortable, as if they are in their natural habitat.
Good and balanced feed given at appropriate and scheduled times and using appropriate techniques and rates should be provided. The feed should include fish meal and oil, if need be plant protein and oil with the addition of other nutritional factors in them could be used instead. The food and feeding habits of the species in culture should be taken into consideration. Nocturnal feeders and diurnal feeders should be given their feeds at the appropriate times. This will reduce the incidence of uneaten food and contamination of water.
Guided vaccination of fish to prevent diseases and where diseases have occurred, quarantine, isolation and total destruction of fish should be done.
Removal and handling of fish should only be done when it is absolutely necessary with fish kept wet during these processes. Handling of fish in warm water aquaculture should be done early in the morning to reduce stress. Salt (NaCl) can be added when handling fish to reduce stress. Braille lines, fish pumps and transfer pipes can be used during handling to minimise stress on the fish. Harvesting should be done with proper net size and design and early in the morning. Fish should be allowed to rest for 24 hours before transportation. Transportation should be in well oxygenated boxes with ice.
Control of fish populations in AHD should not be by introduction of predators, but can be done by other means which will not impair on the welfare of the fish such as selective and periodic harvesting, manual sexing, monosex culture and hybridization.
Slaughter methods that are less stressful and humane should be employed. The slaughter method should be the one that will allow the fish to die at once and quickly. Thus, slaughter method should take into account the morphology and behaviour of the fish.
Smart tag technology can be used to monitor and document fish welfare status in AHD as it will provide early warning signs of stressful conditions in the fish.
CONCLUSION
The issue of fish welfare in aquaculture starts from production to consumption, and if properly taken into consideration will benefit both the farmers and the consumers. Welfare of farmed fish should be considered in terms of ethics, productivity, economic viability and consumers acceptability of the final product. Consumers are becoming aware of the quality of farmed fish arising from poor welfare of the fish during culture. Improvement in fish welfare will increase profits, productivity and acceptability of the farmed fish because fish that are less stressed, well slaughtered are healthier, grow better and have better meat quality.
It is obvious that poor welfare in any aquaculture practice will lead to stress and ultimately poor fish production. Therefore, there is a need to develop common standard welfare indices for fish in culture in order to detect, correct and improve any deviation from the normal state of the fish in their AHD. It should be known that whatever is good in terms of welfare to humans should also be good to fish in captivity.
AKWAKULTURA I DOBROSTAN RYB: CZY PRAWA RYB S¥ SZANOWANE? STRESZCZENIE Zagadnienie dobrostanu ryb w akwakulturze jest aktualne przez ca³y proces produkcyjny, a jego w³aciwa realizacja, z poszanowaniem praw ryb i humanitarnym ubojem, jest korzystana dla producenta i konsumenta. Poszanowanie praw ryb odnosi siê do ró¿norodnych aspektów hodowli uwzglêdniaj¹c takie jak: baseny i stawy hodowlane, zagêszczenie obsady, jakoae wody, pokarm i re¿im ¿ywienia, zara¿enie chorobami i paso¿ytami, metody leczenia ryb zara¿onych, manipulacja cia³em ryby, od³owy sieciowe, metody pozyskiwania ryb przed ubojem, metody uboju, metody oczyszczania z pokarmu, sztuczny fotoperiod, selekcja w kierunku szybkiego wzrostu, selektywny i indukowany rozród, manipulacje genetyczne, ekspozycja na drapie¿nictwo, hodowla w polikulturach, znakowanie, st³aczanie ryb, sortowanie, transport, rybie atraktory, przypadkowe b¹d celowe introdukcje ryb modyfikowanych genetycznie do akwakultury. Najbardziej rekomendowan¹ metod¹ utrzymywania ryb w po¿¹danym dobrostanie, która zapewni te¿ korzyci dla hodowcy jest zachowywanie tzw. piêciu wolnoci w odniesieniu do hodowanych zwierz¹t. Sposoby realizacji takiego prowadzenia hodowli s¹ przedstawione i dyskutowane w niniejszej pracy. Stan ryb w niewoli powinien uwzglêdniaae czynniki etyczne, produkcyjne, ekonomiczne i handlowe. Jest to coraz wa¿niejsze ze wzglêdu na rosn¹c¹ potrzebê konsumenta do zapoznania siê z technikami stosowanymi w produkcji po¿ywienia pochodzenia zwierzêcego i akceptacji tych praktyk. Polepszenie dobrostanu produkowanych ryb w akwakulturze skutkuje zwiêkszeniem korzyci produkcyjnej: ryby bêd¹ przyrastaae lepiej, a jakoae miêsa bêdzie wy¿sza. Wzrasta te¿ poziom akceptacji u konsumentów tak wyprodukowanego miêsa w powi¹zaniu z humanitarnym ubojem. 
